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(54) Vascular closure device and catheter 

(57) A closure device for transcatheter operations 
comprises an easily foldable closure member with a 
shape-restoring force, an easily inflective fixing member 
of an elastic material, and an easily inflective elastic 
member having either ends respectively fixed to the fix- 
ing member or closure member and holding the closure 
member and the fixing member in close proximity one 
another. The closure device is used in combination with 
a catheter assembly comprising an elongated sheath 
opened at both ends and adapted to accommodate the 
folded closure device therein, and an operating member 
having at a distal end thereof a holding means for 
releasably holding the closure device and for guiding 
and protruding the folded closure device inserted in the 
sheath from a distal end of the sheath. 
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Description 

[0001] The present invention relates to a closure 
device and catheter assembly suitable for transcatheter 
operations, for example, operations for closing or repair- 5 
ing vascular defects or endocardiac defects such as 
ventricular septal defect. 

[0002] At the present time, Fontan operations have 
been used for repair operations of complex cardiac 
anomalies such as single ventricle. In this operation, a w 
single ventricle is used for the systemic circulation sys- 
tem, and for pulmonary circulation a vein of the sys- 
temic circulation system is directly connected to a 
pulmonary artery, whereby cardiac function is repaired. 
After this operation, however, a considerable decrease 75 
of cardiac output may occur because of increase of a 
pulmonary vascular resistance or transient ventricular 
hypofunction. The increase of pulmonary vascular 
resistance is caused by spasm of the pulmonary circu- 
lation system. The considerable decrease of cardiac 20 
output occasionally makes it is difficult to perform post- 
operative management. 

[0003] In order to avoid the increase of pulmonary 
vascular resistance and the considerable decrease of 
cardiac output, it is general practice for the above oper- 25 
ation to form a small fenestration or perforation of about 
4 mm between atria (most cases, the interatrial septum 
is made of an artificial membrane), whereby allowing 
the blood to flow through the small fenestration or perfo- 
ration. This procedure followed by formation of the small so 
fenestration or perforation is a Fontan fenestration. The 
surgical operation is mainly carried out as a method of 
treatment for closure of the small fenestration after Fon- 
tan fenestration. However, this surgical operation is fol- 
lowed by thoracotomy of a patient in addition to the 35 
treatment of the affected area and thus it is a great bur- 
den to a patient. In particular, in case of child patient this 
burden is considerably large. 
[0004] Percutaneous transluminal therapeutic cathe- 
terization is known as a noninvasive procedure for 40 
repairing endocardial defects, in this procedure, closure 
of atrial septal defect is carried out by transveneously 
inserting an intercardiac catheter into the heart, and the 
first clinical success is reported by King and Mill in 
1 976. In the procedure carried out by King et at, double 45 
disk-shaped or umbrella-like members for left and right 
atria are introduced into the atrium through an insertion 
tool composed of a double-layered catheter coaxiaiiy 
arranged on a core wire, and then united into one so 
that an interatrial septum is sandwiched in between the 50 
umbrella-like members to occlude the atrial septal 
defect (ASD). However, this procedure requires use of a 
very large-sized insertion tool and hard umbrella-like 
members, thus making it impossible to apply it to chil- 
dren, especially, to preschool children. ss 
[0005] To solve this problem, Rashkind investigated 
miniaturization of the device and developed a plug of a 
single umbrella type with hooks to close atrial septal 
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defects. A clinical success in child was reported in 1 977. 
However, this procedure has another problem such that 
hooks of the plug are occasionally caught in an unin- 
tended site of the heart. Once the umbrella-like member 
is opened, the umbrella-like, member can not be 
changed its position or withdrawn from the hooked site, 
resulting in emergency operation. To overcome the 
above disadvantages, Rashkind further developed an 
improved plug comprising united double umbrella-like 
members. This plug is widely put into clinical use for 
occlusion of patent ductus arteriosus. 
[0006] On the other hand, Lock et al developed a 
clamshell-shaped interatrial closure device by addition- 
ally incorporating a coil spring into a middle portion of 
each of eight stainless frames of the plug of Rashkind, 
as disclosed in Japanese patent application (Japanese 
unexamined patent publication No. 5-237128). This do- 
sure device is firmly fixed to the thin interatrial septum 
by closely adhering double umbrella-shaped members 
to each other in the overlapping state. Because of its 
configuration similar to the shell of a clam of a bivalve, 
this device is called the "clamshell-shaped septal 
occluder". The procedure is carried out by introducing 
an elongated sheath with a thickness of 11 French into 
the repair site through the femoral vein. This procedure 
is applicable to a patient with a weight of more than 8 kg 
and therefore widely used for closure of atrial septal 
defects by means of percutaneous transluminal thera- 
peutic transcatheterization. 

[0007] The closure treatment of the small fenestration 
after Fontan fenestration is done with the closure device 
as the percutaneous transluminal therapeutic transcath- 
eterization. 

[0008] However, if the closure treatment of the small 
fenestration after Fontan fenestration is performed with 
the closure device of the prior art, adhesion of thrombus 
may occur because of a large closure plate and there is 
a high risk of complications. Further, in cases where the 
closure device has fallen away or dislodged during oper- 
ation, it is difficult to withdraw the closure device 
because of the shape or size of the closure device. 
[0009] It is therefore an object of the present invention 
to provide a closure device for transcatheter operations, 
that is simple in shape, easy to operate, safe and relia- 
ble in closure of fenestration, easy to withdraw and less 
in adhesion of thrombus. 

[0010] Another object of the present invention is to 
provide a catheter assembly for introducing the closure 
device for transcatheter operations into the repair site of 
a patient. 

[001 1 ] These and other objects of the present inven- 
tion are achieved by providing a closure membrane with 
an easily inflective fixing means to fasten the closure 
members to a tissue surrounding a defect aperture 
together with the closure membrane by sandwiching the 
tissue from the opposite side of the closure membrane 
against the defect aperture. 

[0012] According to the present invention, there is pro- 
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vided a closure device for transcatheter operations, that 
comprises an easily foldabie closure member with a 
shape-restoring force, an easily inflective fixing member 
of an elastic materia), the fixing member being arranged 
in approximately parallel to a plane of the closure mem- 
ber for fixing closure member to a tissue surrounding a 
defect aperture by sandwiching the tissue from the 
opposite side of the closure member against the defect 
aperture, and an easily inflective elastic member having 
either ends respectively fixed to the fixing member and 
closure member and holding the closure member and 
the fixing member in close proximity one another. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 is a plane view illustrating one embodiment of 
a closure device according to the present invention; 
Fig. 2 is a plane view illustrating another embodi- 
ment of the closure device according to the present 
invention; 

Fig. 3 is a vertical section view of a catheter assem- 
bly for use in combination with the closure device of 
the present invention; 

Fig. 4 is a perspective view of the catheter assem- 
bly of Fig. 3 with the closure device of Fig. 1 
inserted therein; 

Figs. 5 to 7 are views illustrating a percutaneous 
closure treatment employing the closure device and 
catheter, assembly of the present invention; 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 4] Referring now to Figs. 1 and 2, there is shown 
a closure device C for transcatheter operations accord- 
ing to the present invention. The closure device C 
includes an easily foldabie closure member 1 with a 
shape-restoring force, a fixing member 2 for fixing the 
closure member 1 to the tissue surrounding a defect 
aperture, and an elastic member 3 having either ends 
respectively fixed to the fixing member 2 and the closure 
member 1 and holding the closure member and the fix- 
ing member in close proximity one another. 
[001 5] The closure member 1 is preferably composed 
of a closure membrane 11 of a bio-compatible material 
and a frame 12 of an elastic material arranged on a 
peripheral portion of the closure member 1 and sewn 
thereon with threads. The frame 1 2 of the closure mem- 
ber 1 may be combined with a base portion 21 of the fix- 
ing member 2 with a filament 4 passing through a 
central portion of the closure membrane 11 of the clo- 
sure member 1 so that the defect aperture D is located 
at the central portion of the closure member 1 when the 
defect aperture D is closed by the closure member 1 . 
[001 6] The closure member 1 is an easily foldabie and 
shape-restorable member in the form of a flat sheet, 



and preferably composed of a closure membrane 1 1 of 
fabric or nonwoven fabric made of a bio-compatible 
material, and an easily inflective frame 12 of an elastic 
material arranged on a peripheral portion of the closure 

5 membrane 1 1 . It is preferred that the closure member 1 
has a flat shape in the form of a hexagon or octagon 
analogous to the shape of the defect aperture D (gener- 
ally, circle in figure). However, the configuration of the 
closure member 1 is not limited to these examples. It is 

10 sufficient for the closure member 1 to have a size 
enough to close the defect aperture D. However, It is 
preferred that the closure member has a size of 1 .5 to 2 
times larger than that of the defect aperture D. 
[0017] The bio-compatible material used for the clo- 
ts sure membrane 1 1 may be polyester such as polyethyl- 
ene terephthalate; polyolephine such as polyethylene, 
polypropylene; polyamide such as nylon 6, nylon 66; 
fluoroplastics such as polytetrafluoroethylene, polyvi- 
nylidene fluoride; chloride plastics such as polyvinyl 

20 chloride, polyvinyfidene chloride; polyurethane; semi- 
synthetic plastics such as cellulose acetate, cellulose 
acetopropionate; and natural fibers. These materials 
may be used in the form of fabric, nonwoven fabric, film, 
a porous sheet or a composite of these forms. 

25 [0018] The frame 1 2 is made from an elastic material 
in linear shape. Preferred elastic materials includes 
metals such as stainless steels, brasses; flexible plas- 
tics such as polyethylene, polypropylene, polyesters 
and the like; super elastic alloys such as Ni-Ti alloys, 

30 Cu-Zn-AI alloys, Cu-AI-Ni alloys and the like. The most 
preferred elastic material is a super elastic alloy. 
[001 9] The fixing member 2 fixing the closure member 
1 to the tissue surrounding the defect aperture D is a 
member for sandwiching the tissue from the opposite 

35 side of the closure member 1 against the defect aper- 
ture D. The fixing member 2 is generally composed of 2 
to 4 thin threads or filaments 22 combined one another 
at one end thereof and expaded radially from the com- 
bined end or a base portion 21 located at a center of the 

40 fixing member 2. The filaments 22 are fixed at their base 
portion 21 to the elastic member 3 so that they are in 
parallel to the surface of the closure member 1 . The fix- 
ing member 2 is made of an easily inflective elastic 
material similar to that of the frame 1 2 so that the fixing 

45 member can be introduced the operative site with ease 
by means of a catheter assembly A mentioned below. 
The filaments 22 are held in a condition inflected 
against the base portion 21 during passing through a 
sheath 5 of a catheter assembly A shown in Fig. 3. After 

so being pushed out from the sheath 5, the filaments 22 
return to the expanded state to sandwich the tissue sur- 
rounding the defect aperture D from the opposite side of 
the closure membrane 1 1 against the defect aperture D. 
[0020] The elastic member 3 for holding the closure 

55 member 1 and fixing member 2 in close proximity one 
another is fixed at both ends thereof to the frame 1 1 of 
the closure member 1 and the base portion 21 of the fix- 
ing member 2. When the elastic member 3 is used in the 
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form of a linear member as shown in Figs. 1 and 2, the 
elastic member 3 is arranged in parallel to the plane of 
the closure member 1 to keep the fixing member 2 In 
approximately parallel to the plane of the closure mem- 
ber 1 . The elastic member 3 is made of an easily inflec- 
tive elastic material similar to those used for the frame 
12. Thus, the elastic member 3 is kept in the condition 
folded in the longitudinal direction of the sheath 5 during 
passing through the sheath 5 of the catheter assembly 
A shown in Fig. 3, but returned to an original condition 
parallel to the plane of the closure member 1 after being 
pushed out from the 6heath 5. At the same time, the fix- 
ing member 2 fixed to the elastic member 3 is returned 
to the condition parallel to the plane of the closure mem- 
ber 1 and sandwich the tissue surrounding the defect 
aperture D from the opposite side of the closure mem- 
ber 1 against the defect aperture D. 
[0021] The catheter assembly A according to the 
present invention comprises a sheath 5, and an operat- 
ing linear member 6 for introducing the closure device C 
of the present invention into the operative site through 
the sheath 5 and for performing the operation of closure 
of the defect aperture D. 

[0022] The sheath 5 is a tubular member having a 
lumen 51 opened at either ends and capable of remov- 
ably inserting an operating linear member 6 thereinto. 
The closure device C is inflected and put in the lumen 

51 of the sheath 5. The sheath 5 is provided at the prox- 
imal end thereof with a connector 52 having an inlet port 

521 for the operating linear member 6. The connector 

52 is provided with hemostatic means or hemostatic 
valve to prevent leakage of the blood during operation 
and a lateral tube 54 for Infusion of heparinized physio- 
logical saline to prevent the blood coagulation during 
operation. A packing 54 used as the hemostatic means 
has a through-hole at the central part and is pressed 
against the lumen of the connector 52 by a screw bolt 

522 having a through-hole at the central portion. As a 
material for the sheath, there may be used those such 
as fluoroplastics such as polytetrafluoroethylene, syn- 
thetic resins such as polypropylene, polyethylene, poly- 
ester, polyurethane or the like, and mesh or coiled 
stainless steels such as SUS 304. 

[0023] The operating member 6 is provided at a tip of 
a linear member 61 with a holding means 62 for releas- 
ably holding the closure device C and adapted to allow 
the closure device C to pass through the lumen of the 
sheath 5 from the proximal end of the sheath 5 to the 
distal end thereof in the folded condition. Preferably, the 
holding means 62 may be a flexible linear member 
extending in the axial direction of the operating member 
6. The linear member 61 may be made of a material 
similar to those used for the sheath 5. As a material for 
the holding means 62, it is preferred to use an easily 
inflective elastic material similar to those used for frame 
12. The proximal end 621 of the holding means 62 is 
preferably winded round one time to form a ring portion 
as shown in Fig. 3 so as to make it easy to be inflected. 



Since the holding means 62 is made of an elastic mate- 
rial, the holding means 62 can be put in the sheath 5 
under the condition inflected to hold the closure device 
C, and then returned to its original state extending in the 
5 axial direction of the operating member 6 to release the 
closure device when the closure device C is pushed out 
of the sheath 5. Numeral 63 is a handle for operating the 
operating member 6. 

[0024] The use of the catheter assembly A will be 

10 explained below, making reference to Figs. 4-7. 

[0025] The tip portion of the holding means 62 of the 
operating member 6 is passed through a part of the clo- 
sure membrane 1 1 adjacent to the frame 1 2 of the clo- 
sure device C, or one of holes 111 provided in the 

16 membrane 1 1 , half-turned at the ring portion 621 to hold 
the frame 12 of the closure member C, and then pulled 
in the sheath 5 of the catheter. Since the holding portion 
62 is directed toward the handle 63 and pulled in the 
sheath 5, the fixing member 2 and elastic member 3 of 

20 the closure device 1 are stretched out in the longitudinal 
direction of the sheath 5 at the opening thereof and 
pulled in the sheath 5 as shown in Fig. 4. 
[0026] On the other hand, a long sheath (not illus- 
trated in the figure) is previously introduced into the right 

25 atrial of a patient through a femoral vein of the right leg 
of the patient. The above catheter assembly A is then 
inserted into the elongated sheath and introduced into 
the right atrial of a patient through the elongated sheath. 
The distal end of the catheter assembly A is protruded 

30 into the left atrial through the defect aperture D of the 
atrial septum, and then the fixing member 2 of the clo- 
sure device C is pushed out of the sheath 5 and into the 
left atrial by pushing the operating member 6. Simulta- 
neously therewith, the fixing member 2 of the closure 

35 device C expands and returns to the original state as 
shown in Fig. 5, so that the expanded fixing member 2 
is unable to pass through the defect aperture D. 
[0027] After pulling back the catheter assembly A to 
the right atrial, the closure member 1 of the closure 

40 device C is pushed into the right atrium by pushing the 
operating member 6, thereby allowing the closure mem- 
ber 1 to expand within the right atrial as shown in Fig. 6. 
The operating member 6 is further pushed within the 
sheath 5. If necessary, the sheath 5 may be pulled back 

46 during pushing the holding means 62. By pushing the 
operating member 6, the holding means 62 is pushed 
out of the sheath 5, whereby allowing the tip portion of 
the holding means 62 to return to the uninf lected state, 
i.e., the previous state directed in the extended direction 

60 of the linear member 61 and then to be disengaged from 
the closure member C. At the same time, the closure 
member 1 is returned to its previous unfolded form to 
sandwich the tissue surrounding the defect aperture D 
between the closure member and fixing member 2, 

55 whereby the defect aperture D is closed and the opera- 
tion is finished. 

[0028] As will be understood from the above, a combi- 
nation of the closure device and catheter assembly 
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according to the present invention makes it possible to 
easily and infallibly close the defect aperture. Further, it 
is possible with the closure device of the present inven- 
tion to solve a problem which occurred during use of the 
closure device of the prior art, i.e., to minimize the adhe- $ 
sion of thrombus to the closure member. In addition, the 
present invention makes it possible to easily withdraw 
the closure device even in cases where the closure 
device has fallen away or dislodged during operation. 

10 

Claims 

1 . A closure device for transcatheter operations, com- 
prising an easily foldable closure member with a 
shape-restoring force, an easily inflective fixing 75 
member of an elastic material, the fixing member 
being arranged in approximately parallel to a plane 

of the closure member for fixing the closure mem- 
ber to a tissue surrounding a defect aperture by 
sandwiching the tissue from the opposite side of the 20 
closure member against the defect aperture, and 
an easily inflective elastic member having either 
ends respectively fixed to the fixing member and 
closure member and holding the closure member 
and the fixing member in close proximity one 25 
another. 

2. The closure device according to claim 1, wherein 
the closure member is composed of a closure 
membrane of fabric or nonwoven fabric made of a 30 
bio-compatible material, and an easily Inflective 
frame of an elastic material arranged on a periph- 
eral portion of the closure membrane. 

3. The closure device according to claim 2. wherein 35 
the frame of the closure member is combined with 

a base portion of the fixing member with a filament 
passing through a central portion of the closure 
membrane. 

40 

4. A catheter assembly for use in combination with a 
closure device according to any of claims 1 to 3, the 
catheter assembly comprising an elongated sheath 
opened at both ends and adapted to accommodate 
the folded closure device therein, and an operating 45 
member having at a distal end thereof a holding 
means for releasably holding the closure device 
and for guiding and protruding the folded closure 
device inserted in the sheath from a distal end of 
the sheath. so 

5. The catheter assembly according to claim 4, 
wherein the holding means comprises an easily 
inflective linear member extending in the axial 
direction of the operating member. 55 
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Fig. 1 
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Fig. 3 
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Fig. 4 
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Fig, 7 
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